Introduction Scapholunate ligament injuries usually result due to a fall on the outstretched hand leading to scapholunate instability. The natural history of untreated scapholunate instability remains controversial and usually results in late arthritic changes-the so-called "SLAC" wrist. The advent of wrist arthroscopy helps in early diagnosis and treatment of these serious injuries. In selected cases with reducible scapholunate instability (Garcia-Elias stages 2, 3 and 4) we propose a new "all arthroscopic dorsal capsulo-ligamentous repair" with the added advantage of early rehabilitation and prevention of post-operative stiffness.
Scapholunate ligament injuries usually result from a fall on the outstretched hand. The natural history of untreated scapholunate instability remains controversial and usually results in late arthritic changes-which progress to a scapholunate advanced collapse (SLAC) wrist. Arthroscopy is a valuable tool for the diagnosis and treatment of acute scapholunate dissociation. In chronic lesions, treatment options are more controversial than in the acute cases.
Most forms of treatment recommended in the literature consist of an open repair or alternative reconstruction techniques which can improve pain and grip strength, but very often lead to stiffness in the wrist joint. 1 We have therefore developed an all arthroscopic dorsal capsulo-ligamentous repair technique to avoid an open dissection of the wrist capsule.
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Material and Methods
57 consecutive patients with refractory chronic wrist pain due to a partial or complete but reducible scapholunate ligament tear were treated with an all arthroscopic dorsal capsulo-ligamentous repair. Pain and a positive Watson's test on clinical examination associated with radiological signs of scapholunate instability (increased SL interval on PA and increased SL angle on lateral views) were considered as indications for surgical intervention. There were 35 cases with sports-related injuries of which 10 patients were professional athletes. ROM on both sides was measured in all patients preoperatively. Tenderness on palpation in the affected wrist was noted and the Watson test was performed. Standard PA, lateral and oblique radiographs were performed on all patients. The scapholunate gap and the scapholunate angles were measured. All patients also had an MR-arthrogram. All patients were reviewed by the senior author at regular intervals. At final follow-up, patients were evaluated using the DASH outcome questionnaire by an independent reviewer. Wrist range of motion was recorded in flexion, extension and radial/ulnar deviation. Grip strength was measured using the JAMAR dynamometer (Preston, Cambridge, MA, USA) and compared with the opposite side. Furthermore, patient satisfaction was assessed by asking the patients to grade their postoperative result as excellent, good, fair and poor.
Standard PA, lateral and oblique radiographs were obtained for all patients at 8 weeks after surgery, and then at regular intervals until the last follow-up. The scapholunate angle was determined by the operating surgeon and an independent examiner. An MRI was routinely performed at 6 months post-operatively.
Operative Technique
The procedures were performed on an outpatient basis under regional anesthesia and with an upper arm tourniquet. The elbow was flexed to 90°on an arm table and the hand was suspended by means of a hand holder with traction of 3 to 5 kg.
We used the standard arthroscopic 3-4 and 6R portals for the radio-carpal joint and MCR and MCU for the midcarpal joint. The joints were first insufflated with normal saline. A small transverse incision was made with a 15 number scalpel followed by blunt dissection with a mosquito forceps. The 2.4 mm arthroscope was introduced through the 3-4 portal and the instruments through the 6R portal-these two portals are interchangeable according to need. The midcarpal joint was explored through the MCU portal. Exploration and palpation of the structures in the two joints confirms the lesion and provides the staging.
We graded the degree of the scapholunate instability using the Geissler classification 3 (►Table 1); and the Classification of Garcia-Elias et al 4 (►Table 2)
Only Garcia-Elias stages 2, 3 and 4 were treated with this technique. The carpal alignment was noted as either being preserved (stage 2 and 3) or amenable to correction if malalignment was seen (stage 4). Usually, the scapholunate ligament is detached from the scaphoid and remains attached to the lunate, but on the dorsal distal aspect, close to the normal insertion of the scapholunate ligament to the capsule, there are remnants of the scapholunate ligament on both-the dorsal horn of the lunate and the scaphoid. It is difficult to visualize the dorsal scapholunate ligament from a 6R portal because, when the wrist is in traction, the dorsal capsule is apposed to the ruptured ligament but releasing the traction difference between the post-and pre-operative SL angles was À8.95°(SEM ¼ 1.28°; p < 0.0001). The mean post-operative DASH score was 8.3 AE 7.82 as compared with mean pre-operative DASH score of 46.04 AE 16.57 (p < 0.0001). There was a negative co-relation between the overall DASH score and the post-operative correction of the DISI deformity with a lower DASH score associated with increasing SL angles. Discussion The dorsal portion of the scapholunate ligament is critical for the stability scapholunate articulation, largely due to its attachment to the dorsal capsule. We have recently conducted a multi-centric anatomical study with international collaboration demonstrating the critical importance of this dorsal scapholunate complex. The all arthroscopic capsulo-ligamentous repair technique provides reliable results in addition to avoiding postoperative stiffness. The overall results at a mean follow-up period of more than 2 years in our series of young, active patients appear to be encouraging.
allows visualization of the torn ligament. An 18 gauge needle is inserted under direct vision through the 3-4 radiocarpal portal into the radio-carpal joint. Care is taken not to directly enter the open part of the capsule. The needle is inserted through the dorsal capsule up to 1 mm from the capsular hole and then the needle is directed through the radial remnant of the S-L ligament obliquely from dorsal to palmar and proximal to distal, until the tip of the needle is seen in the midcarpal joint. The scope is then switched to the MCU portal and a 3.0 PDS suture is passed through the needle and pulled out through the MCR portal with a hemostat under direct vision from the MCU portal (►Fig. 1). A second suture is then passed parallel to the first one in the lunate/ulnar remnant of SL-ligament and brought out through the same portal (►Fig. 2). A knot is tied between the two sutures. Following this, distal to proximal traction is applied to the both proximal ends of the sutures to place the first knot into the mid-carpal joint between the scaphoid and the lunate, volar to the dorsal part of SL ligament (►Fig. 3). A second knot is tied between the two proximal ends and introduced in the 3-4 portal incision, dorsal to the capsule. This knot lies outside the wrist joint on the dorsal capsule. The net effect of this achieves a capsulo-ligamentous repair between the scapholunate ligament and the dorsal capsule overlying the ligament (►Fig. 4). However, it must be borne in mind that if the scapholunate ligament has been completely avulsed off the bone instead of being torn and if there are no remnants, this procedure cannot be performed. The procedure for stage 4 cases is slightly different from that described above. In such instances, the scaphoid must be reduced and stabilized with both-the lunate and capitate. This is done by external and internal maneuvers under fluoroscopic control. Once the reduction is confirmed then the capsulo-ligamentous repair can be performed. The scaphoid is stabilized with 1.2 mm parallel Kwires passed through the scaphoid into the capitate. The final dorsal knot is performed after SL stabilization and fixation with K-wires (►Fig. 5). The radiocarpal and midcarpal joints are thoroughly lavaged before instrument retrieval. The portal incisions are not sutured. A bulky dressing and a simple volar splint is applied upon completion of the surgery.
Postoperative Protocol
The wrist is immobilized in a splint for two months. After eight weeks passive wrist motion is commenced under the supervision of a physiotherapist. K-wires, when 3 After the first knot has been tied between the two sutures; a distal to proximal traction is applied to the both proximal ends of the sutures to place the first knot into the mid-carpal joint between the scaphoid and the lunate, volar to the dorsal part of SL ligament. used (i.e., in stage 4), are removed after two months and the patients undergo the same physiotherapy protocol (►Fig. 6).
Statistical Analysis
Data analysis was performed bivariate analysis and fit and t-test for matched pairs. Results were considered significant for p < 0.05.
Results
There were 34 males and 23 females with a mean age of 38.7 AE 11.3 years (range 17-63 years). The dominant side was involved in 52 cases. The mean time from the injury was 9.4 AE 6.3 months (range 3-24 months) and the mean followup was 30.7 AE 7 months (range 18-43 months). The mean range of motion improved in all directions. The mean difference between the post-and pre-operative extension was 14.°( Standard Error of Mean-SEM ¼ 1.27°; p < 0.001); while the mean difference between the post-and pre-operative flexion was 11°(SEM ¼ 1.3°; p < 0.0001) with flexion and radial The mean difference between the post-and pre-operative SL angles was À8.9°(SEM ¼ 1.28°; p < 0.0001). The mean postoperative DASH score was 8.3 AE 7.8 as compared with mean pre-operative DASH score of 46. AE 16.6 (p < 0.0001). There was a negative correlation between the overall DASH score and the post-operative correction of the DISI deformity with a lower DASH score associated with increasing SL angles (►Fig. 7). Table 3 Pre-and post-operative Scapho-lunate (SL) angles on the lateral X-ray (a SL angle greater than 60°on the lateral view was considered as a DISI pattern-marked with an asterisk)
Using Garcia-Elias's staging system three patients were classified as Stage 2, 25 patients as Stage 3 and 29 patients as Stage 4. Twenty patients required temporary K-wire fixation. 9 patients with Stage 4 did not require SL pinning as adequate and stable reduction of the SL was achieved per-operatively & as determined by intra-operative fluoroscopy. 16 patients had associated TFCC lesions which were treated arthroscopically in the same operative session with a TFCC repair. There was no change in the post-operative protocol for any of these patients. All the patients returned to work in an average period of 9 weeks (range, 1 to 12 weeks) and the all professional level athletes continued their sporting activities at the same level as prior to the injury. 56 patients (98.2%) were very satisfied or satisfied with their result. 1 patient had a fair result and was unsatisfied, mainly due to post-operative wrist stiffness.
Radiographic Results
The mean difference in the means of the preoperative and postoperative SL angle was À8.95°(SEM ¼ 1.28°, p < 0.0001). The DISI remained uncorrected in 11 patients (19%) postoperatively. All post-operative MRI studies demonstrated a reduction in the T2 weighted signal indicating healing.
Discussion
The dorsal portion of the scapholunate ligament is critical for the stability scapholunate articulation, largely due to its attachment of the dorsal capsule. Dissociation of the scapholunate joint occurs after a rupture of the scapholunate ligament and at least one of its secondary capsular restraints. 5 The natural history of untreated scapholunate dissociation results in SLAC wrist. , ligament reconstructions using tendon grafts, and inter-carpal arthrodesis techniques. Most of the techniques are effective for pain-relief but lead to significant wrist stiffness. We therefore developed a minimally invasive technique to stabilize the scapholunate articulation, thus preserving maximum wrist movement.
In [10] [11] [12] [13] [14] [15] [16] [17] [18] [19] [20] [21] [22] [23] [24] [25] [26] [27] [28] [29] Further data in a larger cohort of patients with a longer follow-up is required to determine the effect on SLAC-wrist deterioration.
